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Reflection-transmission double type liquid-crystal display device 



(57) A refiection-transmission double type liquid- 
crystal display device has a transmission type liquid- 
crystal display panel including a liquid-crystal cell, at 
least one illuminator (91) disposed on at least one side 
surface of the liquid-crystal display panel (L), an optical 
path changing sheet (11) which has a refractive index 
exhibiting a refractive index difference of not higher than 
0.15 from a refractive index of a nearest liquid-crystal 



cell substrate (41 ) and is bonded onto a back side of the 
iquid-crystal display panel through an adhesive layer 
(12) having a refractive index exhibiting a refractive in- 
dex difference of not higher than 0.20 from the refractive 
index of the nearest liquid-crystal cell substrate and a 
reflection layer (81) disposed on a back side of the op- 
tical path changing sheet. The optical path changing 
sheet includes optical path changing slopes and flat sur 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to a transmission-reflection double type liquid crystal display device which can 

be reduced in thickness and weight easily and which is excellent in display quality 

[0002] The present application is based on Japanese Patent Application No. He.. 11-369712. wh,ch is incorporated 
herein by reference. 

2. Description of the Related Art 

rO0O31 A liquid-crystal display device in which a back-lighting system using a bottom-lighting type or side-lighting 
tvoe light pipe is disposed on a back side (opposite to a visual side) of a transmission type liquid-crystal display pane 
Sough a half-transmission type reflector is heretofore known as a reflection-transmission double type l.qu.d-crystal 
disolav device which can be viewed in a transmission mode by using a built-in illuminator in addrt.on to a reflection 
mode by using external light. The half-transmission type reflector is disposed in order to enable viewing in a reflection 
mode If there is no half-transmission type reflector, viewing in a reflection mode by using external light is so dark that 
the liquid-crystal display device substantially hardly functions as a reflection type liquid-crystal display device 
TO0041 The background-art reflection-transmission double type liquid-crystal display device using a back-lighting 
svstem however, has the following problem. That is. it is difficult to reduce the thickness, size and weight of the Hqu.d- 
crvstal display device though greater reduction in thickness, size and weight of the liquid-crystal display device has 
been demanded for the purpose of reducing in size and weight of a portable telephone set, a portable personal corn- 
outer or the like. Incidentally, in a bottom-lighting type back-lighting system, a thickness of not smaller than 4 mm is 
Generally required for a light diffusing plate and a reflector which are disposed together with the Illuminator. In a side- 
nohtina tvoe light pipe, a plate thickness of not smaller than 1 mm is required for light transmission. If a light diffusing 
plate a reflector a prism sheet, etc. are further disposed on the side-lighting type light pipe, a further thickness of not 
smaller than 3 mm is generally required. If at least one half-transmission type reflector is still further added, the volume 
and weight of the liquid-crystal display device become even larger. Moreover, there is a problem that viewing in a 
transmission mode becomes dark because of the arrangement of the half-transmission type reflector and that bright- 
ness in a reflection mode is inferior to that of a reflection exclusive type liquid-crystal display device using a high- 
reflectance reflection layer. 

SUMMARY OF THE INVENTION 

[0005] An object of the present invention is to develop a transmission-reflection double type liquid-crystal display 
device which can be reduced in thickness and weight easily and which is excellent in display quality. 
[0006] According to the present invention, there is provided a reflection-transmission double type liquid-crystal dis- 
play device comprising: a transmission type liquid-crystal display panel including a liquid-crystal cell; at least one illu- 
minator disposed on at least one of side surfaces of the liquid-crystal display panel and capable of being switched on/ 
off- an optical path changing sheet which has a refractive index exhibiting a refractive index difference of not higher 
than 0 1 5 from a refractive index of a nearest liquid-crystal cell substrate, and which is bonded onto a back side (opposite 
to a visual side) of the liquid-crystal display panel through an adhesive layer having a refractive index exhibiting a 
refractive index difference of not higher than 0.20 from the refractive index of the nearest liquid-crystal cell substrate; 
and a reflection layer disposed on a back side of the optical path changing sheet; the optical path changing sheet 
including optical path changing slopes and flat surfaces, each of the optical path changing slopes facing the illuminator 
at an inclination angle in a range of from 30 to 48 degrees with respect to a plane of the optical path changing sheet 
and being provided for reflecting incident light from the illuminator toward the visual side of the liquid-crystal display 
panel each of the flat surfaces being inclined at an inclination angle of not larger than 1 0 degrees with respect to the 
sheet plane so that a projected area of the flat surfaces on the sheet plane is not smaller than 1 0 times as large as a 
projected area of the optical path changing slopes on the sheet plane. 

[0007] According to the present invention, while incident light from an illuminator disposed on one of side surfaces 
of a liquid-crystal display panel is transmitted backward efficiently by use of liquid-crystal cell substrates, the optical 
path of the transmission light is changed efficiently toward the visual side of the liquid-crystal display panel through an 
optical path changing sheet disposed on the back side of the panel. Hence, the transmission light canbe utilized for 
liquid-crystal display in a transmission mode. Moreover, external light can be transmitted/reflected efficiently through/ 
by flat surfaces of the optical path changing sheet and a reflection layer. Hence, the external light can be utilized for 
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hquid-crysta display in a reflection mode. The illuminator which is disposed on the side surface, the optical path chana- 

2£ TrT f " TT ,h J CkneSS ' thC ref,eCti0n la * er Can ,orm a back-lighting (transmissfon ^d^ystem 
and a reflection mode system. Hence, a transmission-reflection double type liquid-crysi display device which is e^ 
SHE ,n ^ ,ckness and "9 ht wei 9"t. and which is bright and excellent in display quality can be formed 
0008] The aforementioned effect is based mainly on use of a slope reflection type optical path chZtoq sheet That 
,s light incident on a side surface or transmission light of the incident light is rejected by sfope SffSS lath 
changmg sheet so that the optical path of the light can be changed with good directivity Hence, good vS in a 
transmiss.on mode can be achieved. Moreover, external light is transmitted through flafsurfaces of the opSoath 
changmg sheet so that the external light can be kept sufficiently. Hence, good visibi% in a reflectton mode can^e aSo 

SZIT lV!t^ er > MOn by 3 r0U9hened SUrfaCe ' rt is difHcu,t to -e^emen^ 
J2ES£££JT? ? S6 .f 8 ref,eCti ° n W'-Ws™ *P»* ^vice in which illumination lignHs m2e 
ncident on one of side surfaces of a liquid-crystal display panel and totally reflected by a visual side cell I subst ate and 

ms 1 tz*t* 9 1 is s ? ttered by a rough surf ace *»» re,,ect ° r s ° 0,81 ,ne s rsssss? 

[0009] In the aforement.oned case, however, light allowed to be utilized for display is light mat cZes out from he 
panel due to com.ng contrary against the total reflection condition by scattering. QmrnO^mS^SZ^S^ 
normal distribution having a direction of regular reflection as a peak in Extended \AbSSL »il X ??£ 3 

m^s 

however, difficult to obtain scattering intensity favorable to the'two mfccdSS^S^t^b^J^ 
tenng intensity required in the transmission mode is antinomic to scattering intensity iJauI^fc^?SE^ ^ 
[0010] On the other hand, the slope reflection type optical path chanq ina she* ecS!™ to li ° n m ° de - 
mainly utilizes light exhibiting a peak in a direction of regu JEWESS ^2S^S^!K^S^^^ 
light. Hence, directivity, especially frontal directivity, favorable to display can be pTuZ\tX^^t^^ 
s.on mode can be achieved. Also in a reflection mode, flat portions of the optical oath chanalno choot L ♦ JTT 
can be utilized, and efficient entrance, reflection and transmission ^^SZT^T^i^ 
of light can be balanced easi* so as to be favorable to both transmission and ronton modes ^ *** 
[0011] Features and advantages of the invention will become understood from the following detailed description of 
the preferred embod.ments described in conjunction with the attached drawings. description of 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] In the accompanying drawings: 

*S£Zg ' anat0ry SeCti0na ' VteW Sh ° Win9 a " eXamP ' e ° f 3 «n-t-smission doubie type liquid-crystal 
c^M^ev 8 ^ 
c^tai^^ 

f!o 1? a a n n e S na, ?' y Side Vi6W Sh ° Wing Vari ° US ° ptical pa,h cnan 9 in 9 mea " s in an optical path chanqino sheet- 

S^xz&sr**" view showin9 a further examp,e ot the 

Z^ZZT^r™ 6 Vi6W Sh ° Win9 3 6XamP ' e ° f -"^-transmission double type 

so Z^Z^?^ 9 ***' Sh ° WinS 8 fUrther eXamp ' e °' ^"-transmission double type 

f!o 1 1! exp ! ana ! 0ry sida view showi "9 example of the optical path changing sheet; and 
F.g. 9 .s an explanatory side view showing another example of the optical path changing sheet. 

DETAILED DE SCRIPTION OF THE PREFERRED EMBODIME NTS 

55 " 
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changing sheet which has a refractive index exhibiting a refractive index difference of not higher than 0.15 from a 
refractive index of a nearest liquid-crystal cell substrate, and which is bonded onto a back side (opposite to a visual 
side) of the liquid-crystal display panel through an adhesive layer having a refractive index exhibiting a refractive index 
difference of not higher than 0.20 from the refractive index of the nearest liquid-crystal cell substrate; and a reflection 

5 layer disposed on a back side of the optical path changing sheet; the optical path changing sheet including optical path 
changing slopes and flat surfaces, each of the optical path changing slopes facing the illuminator at an inclination angle 
in a range of from 30 to 48 degrees with respect to a plane of the optical path changing sheet and being provided for 
reflecting incident light from the illuminator toward the visual side of the liquid-crystal display panel, each of the flat 
surfaces being inclined at an inclination angle of not larger than 10 degrees with respect to the sheet plane so that a 

10 projected area of the flat surfaces on the sheet plane is not smaller than 1 0 times as large as a projected area of the 
optical path changing slopes on the sheet plane. Figs. 1 to 3 show examples of the liquid-crystal display, device. In 
Figs. 1 to 3, L designates a liquid-crystal display panel; 11 , an optical path changing sheet; A1 , an optical path changing 
slope; A2 and A3, flat surfaces; 81 , a reflection layer; and 91 and 93, illuminators. 

[0014] A suitable transmission type displaypanel at least having a liquid-crystal cell maybe used as the liquid -crystal 
is display panel L. That is, as shown in Figs. 1 to 3, a display panel has at least a liquid-crystal cell. The liquid-crystal 
cell has liquid crystal 70 enclosed by cell substrates 41 and 42 through a sealing material 71 . Thus, the light incident 
on a side of arrangement of the optical path changing sheet 11 is made to go out as display light from the other side 
of the arrangement through control by means of the liquid crystal. The liquid-crystal display panel L is not particularly 
limited in kind. 

20 [001 5] Incidentally, on the basis of the format of alignment of liquid crystal, specific.examples of the liquid-crystal cell 
include a TN liquid-crystal cell, an STN liquid-crystal cell, a perpendicularly aligned cell, an HAN cell, a twisted or non- 
twisted cell such as an OCB cell, a guest-host liquid-crystal cell, a ferroelectric liquid-crystal cell, etc. Further, a suitable 
drive method such as an active matrix method or apassive matrix method may be used as the method for driving liquid 
crystal. As shown in Figs. 1 to 3, the liquid crystal is generally driven through transparent electrodes 51 and 52 provided 

25 on the inner surfaces of the pair of cell substrates 41 and 42. 

[0016] A suitable transparent substrate such as a glass substrate or a resin substrate can be used as each of the 
cell substrates. Especially, a substrate made of an optically isotropic material is preferably used from the point of view 
of display quality, etc. A substrate such as a non-alkali glass plate exhibiting excellent colorlessness and transparency 
with respect to a blue glass plate is preferably used from the point of view of improvement of luminance and display 

30 quality, etc. A resin substrate is preferably used from the point of view of reduction in weight, etc. The thickness of the 
cell substrate can be determined suitably in accordance with enclosing strength of liquid crystal, or the like, without 
any particular limitation. The thickness of the cell substrate is generally selected to be in a range of from 10 u,m to 5 
mm, particularly in a range of from 50 u.m to 2 mm, more particularly in a range of from 1 00 u.m to 1 mm, from the point 
of view of balance between-light transmission efficiency and reduction in thickness and weight, etc. 

35 [0017] When the liquid-crystal cell is formed, one suitable functional layer, or, two or more suitable functional layers 
maybe provided as occasion demands. Examples of such a functional layer include an aligned film made of a rubbed 
film, etc., for aligning the liquid crystal, a color filter for color display, and so on. Incidentally, aligned films 61 and 62 
are generally formed on transparent electrodes 51 and 52 as shown in Figs. 1 to 3. A colorfilter not shown is generally 
provided between one of the cell substrates 41 and 42 and corresponding one of the transparent electrodes 51 and 52. 

40 [0018] The liquid-crystal display panel may contain one suitable optical layer or two or more suitable optical layers 
such as polarizers 21 and 22, phase retarders 31 and 32, a light diffusing layer 13, etc. added to the liquid-crystal cell 
as shown in Figs. 1 to 3. The polarizers are provided for achievement of display using linearly polarized light. The 
phase retarders are provided for improvement of display quality by compensation, etc., for retardation due to birefrin- 
gence of liquid crystal. The light diffusing layer is provided for enlargement of a display range by diffusion of display 

45 light, uniformity of luminance by leveling of emission-line-like light emission through slopes of the optical path changing 
sheet, increase of the quantity of light incident on the optical path changing sheet due to diffusion of transmission light 
in the liquid-crystal display panel, etc. 

[0019] A suitable material may be used as each of thepolarizers without any particular limitation. From the point of 
view of obtaining good-contrast-ratio display due to incidence of highly linearly polarized light, etc., an absorption type 

50 polarizing film made of a drawn film having a dichromatic material such as iodine or dichromatic dye adsorbed on a 
hydrophilic macromolecularfilm such as a polyvinyl alcohol film, a partially formalized polyvinyl alcohol film or a partially 
saponified ethylene-vinyl acetate copolymer film may be preferably used. Or a film high in the degree of polarization 
such as the absorption type polarizing film having a transparent protective layer provided on one or each side of the 
absorption type polarizing film may be preferably used. 

55 [0020] A material excellent in transparency, mechanical strength, thermal stability, moisture shielding characteristic, 
etc. is preferably used for the formation of the transparent protective layer. Examples of the material include: polymers 
such as acetate resin, polyester resin, polyether-sulfone resin, polycarbonate resin, polyamide resin, polyimide resin, 
polyolefin resin, acrylic resin, polyether resin, polyvinyl chloride resins polystyrene resin, norbornene resin, and fluro- 
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carbon resin; heat-curable or ultraviolet-curable ™»<sinc 

epoxy resin, silicone resin, etc.; and so on The Zparenl omt-7 I**' Uretha " e reSin ' ^ u ' etna "* —n 
method or may be applied as po.ymer liquid ^VZZ^lZT ^ * 88 3 »" b * a b <>" d "9 

[0021] The polarizers to be used esoeciallv th#> wi*.,*. «> . 
* anti-reflection treatment for preventing 55* ^^SE^X" T"** ,£> n ° n - 9 ' are treat ™ nt " 
treatment can be made by the formation of a surface as a flne TeauS STjT ™ f^' 0 " °' eXtemal "9 nt - No "-9<are 
methods may be used for forming a surface as a ^prisma* Sure Exam^e " £ n ° n " 9,are Va ' fous 
roughening method such as a sandblasting method an embosstn m JL^ T °' the me,hods inc,ude: a ^"ace 
t,c.es such as silica particles; and so on. Lti-reflecttonTeatS c^n b e ' h 1™"*°* ° f miX '' ng trans P*™t P«r- 
"> vapor deposition film, orthe.ike. Alternative*, non-g.a e*e^ °' 8 COne ' ent 

of bonding a film having a surface structure of fine prisma? Z "?^'°" trea,mentcanb «'"adebyamethod 
Incidentally, two polarizers may be pmvided on ^^ToU^T^^Tl *" »«. or the .ike. 

polarizer may be provided on one side of the Hquid-crystaTce, ce » « shown in Figs. 1 to 3 or one 

[0022] On the other hand, each of the Dhase retard rr, a wt . 

materia, include a birefringence film J^S^S^S^?"^'"^- Examp.es of the suitable 
of the transparent protective .ayer by a suitable metZ such is monlT^ T*" ** ,he description 

of - suitable liquid-crystal pofymer such as a n£SZ£££££^ tT^ V™* an a,i 9"*<= ' 

aligned layer of the aligned film supported by a transoaren E2H2. P ?TT ^° t,C "^-^tal polymer, and an 
in a direction of thickness under th^per^n ^ 
*> compensatory phase retarded 31 and 32 shown in Figs J \ tc 7s Zl «f L° « haat - 8hnnkab,e «m may be also used. The 
f an°the.iquid^rys.alcel.and/orbe^^ 

A suitable material may be used as each of the phase rXd e ^^ a V lit,uid - cr y stel «»» as occasion demands 
of the phase retarders may be formed of a laminated tio o til, aCCOrdance with tne wavelength range, etc. Each 
as retardation, etc. a ,am ' na te °* two or more layers in order to control optical characteristic such 

[0023] The light diffusing layer can be provided bv a siittflhi^^i, ^ 

like, having a similar surface structure of toe^teXn^^Z Tk 9 * ^ 8 diffusin 9 or the 

13 shown in Figs. 1 and 3 is formed of an JZ^^Zl^SSZ T^? The " 9ht diffus,n 9 "£ 

is achieved. A suitable tackiness agent may be used ftorS^lSl^«^r^^ ,,; " oth *™*«ton fnthldiMn 
contains, as a base polymer, a suitable polymer such as a rubbLT? adhesive layer Tne ^ckiness agent 

ymer. a silicone polymer, a polyester polymT ■ P^eftan fSSET ^T* 5 PO,ymSr ' a *++*~J£ 
styrene polymer, etc. H Y ' PO'V^ethane polymer, a polyether poymer. polyamide polymer a 

^KS^^ «— —nee. heat resistance, etc. such as a 

acid is used preferably. As the ^^71^ T ^ °' ^ a « d " metnt",* 
members suitably selected from the group eonste^ oHn^?^ T^T* there Can be use * one orZo 
indium oxide, cadmium oxide, antimony oZ^T^Z ^^^ a ' Umina ' titan,a . tin ««£ 

yme^r,^ 

(sw.tched.on) mode is made incident on the ^3i^^!EiS2^ ^ **■ 3 transm is8i °" 
ness and weight of the liquid-crystal display device can H H ? ' d ' SP ' ay panel - Hence - reduction in thick- 
witf , the optica, path changing sheet disposed ^£££^"7?" muminat ™ are used in combine ion 
of the illuminetors. Examp.es of the iHuminator pSS£^^^^ ma ^ illuminator can be usedas eacS 
cathode tube, a point light source such as a light-emSno diode an t! T' ^ S ° UrCe SUCh as a < C °W or hot) 
Plane, and a combination of a point light source I^SSmS^S? ^ SOUKeS ana ^ eti in »" a ° 
SSiTSir? " 9ht ? 8 " near "' 9ht S ° Urce thro ^ h ^ Cfpipe C ° nVert,n9 inCidem M9ht ,rom « ha PO-t 

combmation of side surfaces crossing each other Further th , . Sh ° Wn ,n Fig - 3 or ma V be provided as a 
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£ ^Thown h Figs 1 to 3, each of the illuminators 91 and 93 may be used .n combination with a suitable 
E na means sucn a Va reflector 92 or the like for enclosing the illuminator to lead scattered light to side surfaces 
Z!^l£££dtato panel L as occasion demands. A suitable reflection sheet such as a res.n sheet provided 

may be used also as a fixing means for enclosing the illuminator by a method of bonding end portions of the reflector 
to end portions of the cell substrate of the liquid^rystal display panel, respectiveV- ft K-.ii«.w-m-hii 
0029] Te optical path changing sheet is disposed on the back side (opposite to the visual side) of the 
display pane, for the purposes as follows. That is, the optical path changing sheet changes the optica, path of the 
fncSentTahTor transmission light a from the illuminator 91 , which is disposed on one of s.de surfaces of the liquid- 
^ dK^JSST- indicated by the arrow in Fig. 1 . to the visual side of the panel L through the opttea. path 
chano no slopes Al to thereby utilize the light as illumination light (display light) in a transm.ss.on mode. Further, the 
« TI E mo -iheet makes the external light P incident on the visual side of the liquid-crystal display panel L 

°Tswi^ 

r/nr A3 and the reflection layer 81 to thereby utilize the light as illumination light (display light) in a reflect.cn mode. 
Tor ^h^urposet Xt+Ep* changing sheet 11 is provided with slopes A1 and flat surfaces A2 and A3 as 
For those purposes, me op P ^ « from il|uminators 91 and 93 in a predetermined 

S^lT^^S^yJi light. The 9 f.at surfaces A2 and A3 transmit incident externa, light p . 
55? Si ^Sl path changing sheet provided for fulfilling the aforementioned reflection/transmission charac- 

2 esTecXfor obtaining Imination light excellent in frontal directivity in both reflection and transmission mo^ 
ThTtTs the optica pa°h changing sheet is formed as an optical path changing sheet having a plurality of optica, path 
Ihanging means^ each constituted by an optica, path changing slope A. facing a side surfa ceef ar 
Hiuminator that is facing an incidence side surface at an inclination angle in a range of from 30 to 48 degrees wrth 
. ^'|2£X m surfaces A2 and A3 inclined at an inclination angle of not larger than 1 0 degrees wrth 
r«nS S the sheet plane so that the projected area of the flat surfaces A2 and A3 on the sheet plane is not smaller 
hanTo Sne ^2?a%fas the pSected'arla of the optica, path changing s.ope A. on the sheet p.ane. Especially from 
nepo^to?^ 

Z sheet ^ rr P Vura.ity of optica, path changing means A constituted by optical path changing slopes A1 and formed 

TooTl'Tos 1a toTo show examples of the optical path changing means A having an optical path changing slope 
and flat surfaces and bein g formed into prismatic structures as described above. In Figs. 4A to 4E each optca. path 
changing means A is substantially shaped like a triangle in section. In Figs. 4F and 4G each optical path changing 
means A iT substantially shaped like a rectangle in section. In Fig. 4A, each optical path changing means A has an 
^oscelesrianTewithJo 

means A has an optical path changing slope A1 , a steep slope A2 having an inclination angle larger than that of the 
sZ ?M wtth respect to me sheet p.ane, and a f.at surfaces A3, .n Fig. 4C, a plummy of optical path changmg means 
Tare proved as a repetitive structure in which the optical path changing means A are formed on the whole surface 
of the sheet plane so as to be continued and adjacent to one another, and each of the optical path changing means A 
has an optical path changing slope A1 and a flat surface A2 having an inclination angle smaller than that of the slope 
Al wTh respect to the sheet plane. In Figs. 4D and 4E, the reflection layer 81 is provided on the f.at surfaces A3 shown 
in Fig 4B or on the flat surfaces A2 shown in Fig. 4C. In Fig. 4F, each optical path changing means A is constrtuted 
by a convex portion (protrusion). In Fig. 4G, each optical path changing means A is constituted by a concave portion 

r0O32i e) Hence each optical path changing means may be formed from a concave or convex portion constituted by 
equal-side surfaces or slopes having equal inclination angles as described above. Alternatively, each optical path 
changing means may be formed of a concave or convex portion constituted by a combination of an optical path changing 
slope and a steep slope or a flat surface or slopes different in inclination angle. The shape of each optical path changing 
means may be determined suitably in accordance with the number of incidence side surfaces and the position of each 
incidence side surface. From the point of view of improving mar-proofness to keep the slope function high, the ^optical 
path changing means constituted by a concave portion is superiorto each optical path changing means const.tutedby 
a convex portionbecause the optical path changing means constituted by a concave portion is hardly damaged at its 

r0033l' From the point of view of changing the optical path with good frontal directivity in a transmission mode, each 
of the optical path changing slopes A1 is preferably provided so as to face a corresponding incidence side surface. 
Hence when illuminators are disposed on two or more side surfaces of the liquid-crystal display panel and two or more 
incidence surfaces are therefore provided, an optical path changing sheet having optical path changing slopes A1 
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there is preferably used an optica, p^h c^nZo ^T,T^ NuK^crystal d.splay panel L as. shown in Fig. 3. 

constitute an optfca, path chJ^^Z^J.S En rsosc:^?'" 9 f ^ A1 ^ °' WhiCh 
5 4A. or an optical path chanqinq sheet 1 1 halinn ™ Z% .? u ls osceles tnangle in section as shown in Fig. 

optica, pathchanging ^?.^JSTZS2 SS^Sf?/'? - " " ^ °' a " 

the ridge.ines formedby the optica, chan^ng slopes A1 are 222 mh h 38 Sh ° Wn 4F 8 " d 4G 60 that 

[0034] When illuminators are disposed o^ atfatent IS^JS^^^J"^ res ^^ 
is preferably used an optical path changing sh^et 11 S^^Jf tK f ? " qu,d - cr y stal dis P' a V Panel, there 
" surfaces respectively so that the rSoSfc^wST 8 ?- P ? P ? 9 ' n9 S '° peS A1 corres P°nding to the side 
side surfaces respective ^n^S^i^S^'Sr Chanai " a .fP es A1 are P«-W •» the two cross 
surfaces and adjacent cross side used an ST ? tK U ? DB ? inC ' USiVe ° f ° PP ° Site side 

path chang.ngs.opes A1 const.tuted by a 00^!^^ ^ -I— 

nator to thereby change the opt.ct pafhThe"^ i^JSXXSSS l^ 8810 " »9 ht <™ the ...umi- 
panel. In this case, when the inclination ana e o each of I *"? ' S ' de ° f the """^'Vsta. display 

plane is selected to be. in a range of from 30 to 48 l arees ^ 0 T , T'? 9 S '° PeS A1 With reSpect to the sh *« 
orthe transmission light a from the INulato^ ZZZX^C^L^X Sf*^ ^ <U *" 
of polygonal-line in Fig. 1 so as to be sufficiently perpendicular to !« ? dlrac,,vlt y as ,ndicat ed by the arrow 
frontal directivity can be obtained ^X^Z^Ta^l il? V? i,lumination 1 *»» ^ce.lent in 
reflected light is generally largely shifted by 30 deq^^ 30 de9rees ' the °P tical P* h °'the 

in a transmission mode becomes poor bVcause fhTreLTd n„hn Z„ f T** 0 "- Accordin ^ f ~ntal luminance 
inclination angle Is larger than 48 Wre^^ 

the transmission light cannot be satisfied Accordinolv efffcw* ?• . 9h ' ' dent ° n the side surface or 

set Somr D or h f e r r ing < ; ^~ eekkt incident on the s * e — 

a^o^eSro^ 

basis of refraction in accordance wtth SneSJiaw ^e^n^n T? d *1 the "^^^al d 'sP' a Y pane, on the 
is preferably in a range of from 35 to 4^ degrees mo^ SEiSlS ? « ° f 2 ° PtiCa ' Path ° han9ing 8,0 P es Al 
Grange of from 40 to 44 degrees. Incident 
lathis casejight incident on^ 

in a condition that the incident Hght is condensed^ a ^SS^SST " ^ -BP " Whi ' S 

Eap^n^^ 

mode by using externa. Hght in a switched-off s ^e^muSn^^^, " *, "f* ^ h 8 re, ' eCtion 
A3, etc. is preferably selected to be not laroerthan 10 7*nr22 J^* ,nCllnat,on an 9 le of ea <* of flat surfaces A2, 
of ref.ect.ng incident externa, iighttn the" ^S^SZTj^^ ^ ^ ^ the P °' nt ° f View 
point of view of f ronta. directivity of the reflected lightlre Z Sees SSSLJS P r ** ^ ,r ° m the 
than 8 degrees, especially not larger than 5 degrees more Z^L^J ? 80 ,nclmation an 9' a °' not larger 
inclined at an inclination angle of about 0 degrees espec,a,l Y not ,ar 9er than 3 degrees; or flat surfaces A3 

[0038] In the aforementioned case, especially when th* ontinai „o«, u 

structure in which the optica, path changing ntar^e ctmK ^ZFZ A "" f0rmed 88 3 repe,ttive 

path changing means A has an optical^ changfng slop^ 3 ^^SST^ anotherano aa «" °t the optica, 
angle difference between inclination angles of the ^surfaces S wf.h r » ^ 88 8h0W " Fig - 4C and 4E - th e 
optica, path changing sheet is selected.^eferao^ to S^3^L?S2L "f" °" ** Wh °' e ° f the 

degrees, further preferably not larger than 3 deo sTd S. . 9 ' m ° re P referab| V larger than 4 
surfaces A2 is selected preferably ?o be notl^ Zn ?S£L TS^SST ''T*™ ^ ° f adjaCent flat 
preferably not larger than 0.1 degrees. This arrangement M 'torS™ P f ^ lar9er than 03 da 9^, further 
of the liquid-crystal display device in a refle^n °Z ZZXZIV^T^ 9 ^ directio " 
frontal direction, from changing largely due to re^ecWon bv^h! L! b ° i P,lmum ^ ,ewin 9 d '^io" in a direction nearthe 
between adjacent flat surfaces °" by the f ' 8t Surfaces **> P a rt«ularly from changing largely in 

Ed^f~ 

the projected area of the fiat surfaces on the ^ hee^ r^^T T" "T " 8t 8Urf8Ces are formed «° that 
smaller than 12 times, more particularly Z ^malt^han tsTZl , T"" th8n 1 ° timSS ' P a "'^'arly not 

changing slopes A1 on the sheet plane. Hen^ fn the cafe 71 ofuS T *? P, , 0jeCted 8r68 °' ,he °P« ca ' P a t" 
containing a steep slope A* not functioning as the ttZTXE^™^ 
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preferable that the angle of each of the steep slopes A2 is selected to be not smaller than 35 degrees part.culariy not 
smaller than 50 degrees, more particularly not smaller than 60 degrees so that the width of each of the flat surfaces 
A3 can be widened. The flat surfaces each having the aforementioned inclination angle are favorable in terms of 
reflecting backward the light incident on the incidence side surface and transmitting efficiently the reflected light toward 
the opposite surface side to thereby emit light as uniformly as possible on the whole surface of the l.quid^rystal display 

mo^r*^ *gs- 5 > 6 and 7 ' tne °P tical ? ath chan 9 in 9 means A having ° ptical P8th chan 9 in 9 s,0 P e f an * 

flat surfaces are generally formed as a repetitive structure for the purpose of reducing the thickness of the optical path 
changing sheet so that the ridgelines of the optical path changing means A are parallel to or inclined to the incidence 
side surface of the liquid-crystal display panel L on which the illuminator 91 is disposed. In this case, the optical path 
changing means A may be formed so as to be continued from one end to the other end of the optical path changing 
sheet as shown in Figs. 5 and 6 or may be formed intermittently and discontinuously as shown in Fig. 7. When the 
optical path changing means A are formed discontinuously, it is preferable, from the point of view of efficiency of 
incidence of transmission light, efficiency of changing the optical path, etc., that the length of each prismatic structure 
made of a groove or a protrusion in a direction of the incidence side surface is selected to be not smaller than 5 times 
as large as the depth or height thereof. Further, from the point of view of uniform light emission on the display screen 
of the panel, the length is selected preferably to be not larger than 500 u.m, more preferably in a range of from 10 to 
480 ix m, further preferably in a range of from 50 to 450 urn 

rO041] The sectional shape of the plurality of optical path changing means A and the repetition pitch of the optical 
path changing slopes A1 defined by the sectional shape of the means A are not particularly limited. They can be 
determined suitably in accordance with the uniformity of light emission on the display screen of the panel, etc., both 
in a transmission mode and in a reflection mode which uses external light because the optical path changing slopes 
A1 are factors for determining luminance in a transmission (switched-on) mode. Hence, the quantity of light which 
optical path is changed can be controlled on the basis of the distribution density of the optical path changing means A. 
25 [0042] Therefore, the inclination angles, the shapes, or the like, of the slopes A1 or A2 may be equal on the whole 
surface of the sheet or may be changed so that the inclination angle, the shape, or the like, of the optical path changing 
means A is enlarged as the optical path changing means goes farther from the incidence side surface, as shown in 
Fig 8 for the purpose of coping with absorption loss and attenuation of transmission light due to the optical path 
changing and therefore making light emission on the display screen of the panel uniform. The plurality of optical path 
so changing means A may be disposed at regular intervals of a predetermined pitch as shown in Fig. 8. Alternatively, as 
shown in Fig 9, the plurality of optical path changing means A may be disposed at irregular intervals so that the pitch 
is narrowed as the optical path changing means A goes farther from the incidence side surface to thereby make the 
distribution density of the optical path changing means A high. Alternatively, the pitch may be provided as a random 
pitch so that light emission on the display screen of the panel can be made uniform. In Figs. 8 and 9, the arrow shows 
35 the direction of transmission of light incident on the incidence side surface. 

[0043] In a reflection mode, unnatural display may be caused by shortage of transmission of display light if the optical 
path changing slopes A1 overlap pixels of the liquid-crystal cell. It is preferable from the point of view of preventing the 
unnatural display, etc., that the overlap area is reduced as much as possible to thereby keep sufficient light transmittance 
through the flat surfaces A2 or A3. From this point of view and in consideration that the pixel pitch of the liquid-crystal 
40 cell is generally in a range of from 1 00 to 300 u, m, each of the optical path changing slopes Al is selected preferably 
to be not larger than 40 urn, more preferably in a range of from 3 to 20 p. m, further preferably in a range of from 5 to 
1 5 urn in terms of the projected width thereof on the sheet plane. The aforementioned projected width is also preferable 
from the point of view of preventing display quality from being lowered because of diffraction in consideration that the 
coherent length of a fluorescent tube is generally set to about 20 urn. 
45 [0044] It is preferable from the aforementioned point of view that the distance between adjacent ones of the optical 
path changing slopes A1 is large. As described above, however, the optical path changing slopes A1 also serve as a 
functional portion for substantially generating illumination light by changing the optical path of light incident on the side 
surface in a transmission mode. Hence, if the distance is too large, illumination in a switched-onmode becomes so 
sparse that display may be unnatural. In consideration of these facts, the repetition pitch of the optical path changing 
so slopes A1 is selected preferably to be not larger than 5 mm; more preferably in a range of from 20 u.m to 3 mm, further 
preferably in a range of from 50 jim to 2 mm. 

[0045] When the optical path changing means are constituted by a repetitive prismatic structures, moire may occur 
because of interference between the optical path changing means and the pixels of the liquid-crystal cell. Although 
prevention of moire can be made by adjustment of the pitch of the prismatic structures in the repetitive structure, the 
55 pitch of the prismatic structures in the repetitive structure is limited to the aforementioned preferable xange. Hence, 
measures against the case where moire occurs even the pitch is in the aforementioned range become the problem to 
be solved. In the present invention, it is preferable to use a method in which the ridgelines of the prismatic structures 
are formed to be inclined with respect to the incidence side surface so that the prismatic structures in the repetitive 
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large deviation occurs in the diction JS^JJIS 33 ^^^T^ 9 ^"'** 
display quality. Therefore, the inclination angle of the ^2^ ^' rlsoeS S ,h T " ^ ^ ' 0Werin9 of 
preferably to be in a range of ±30 degrees more Zferab^n ? 1 h Slde SUffaC6 ' S S6,ected 

means the direction of inclination of the ridgeZs 2 the m££ ^ ncidenta "* the ^^o, V 
the liquid-crystal cel. is so iow that moire never otcts « / J^nS^?,." TZ'T " *" °' 
arranged to be as parallel with the incidence side surface as posible ' 9 ' ' ^ *" °" are 

polymers or curable restns as WuJS^S^Z^X^ 7 3 ViSib,e ,i9ht ran9e inc,ude 

optical path changing sheet made from a material exhSa n^lT * T^"* ^ 9 ' asS ' or the ,ike - An 
From the point of view of suppress the^oss of TwaX^lSS'lZ T bire,rin 9 ence fe usad P^erab.y. 
interface reflection so as not to be allowed TelTlTeZel anJZTel '^T* *, b6CaUSe ° f 

the incident on the side surface or the transmission liaht 2 S fn£ T, ~ . f C,entlv su PP'Ving the light, which is 
dally to the optical path changinq slopes IT Ti ^ZSZi JS! T " 9ht ' * the ° ptica ' path chanaina she *, espe- 
which the refrLlve^^^^ Sh h eet iS Preferab, y < 0 ™ ed «™ a material 

strate is not larger than 0.15. ISSS^ljLTSS K! 'ESS ^ ^ f ce » «*" 

ref lection is suppressed 9 °' m ° re es P ec,a "ynot larger than 0.05 so that interface 

Kdu2ont^ 

resin is pressed against a mold capable oUo^noTo^^^!" k h ? meth ° d Wh ' Ch 3 ^"^Plastic 
a method in which a mold capable of fbm inq TorLet^!^! ^ ^ -"f^'" 9 10 thereby trans,er the sha P a : 
a resin fluidized by heat or by a so^ent a method m S m fiJST k * hot - me,ted thermoplastic resin or 
by radia, rays is poiymerized^n the cSSSS£ 2d ^ ^ or 

in thickness, etc.. generally. ?he thfckne^HhJ S D l ^ l" 1 *** Fr ° m the p0int of vlew " Auction 

than 300 urn, more preferab^n a ra^of f™ TSS^^TS" 8 T '* ****** Pre,6rab * to be " ot ,a ^r 
Incidenta.iy, the optica, path ZglX may b TatolZJZtV^V" L™ 9 * °' 10 t0 100 

»rr h e^^ 

s«y°^^ 

path changing sheet, improvement in luminance^ ZE£ uS ETS th TS^*-? eXtema ' "' 9ht ° n the optical 
external light, etc., it is preferable that the optfcal oath Snln 2 , 1 ! "j? 1 * mC ' dent ° n the side surface ™* 
visual side) of the liquid-crystal displa . pane t a ^S^SSTtVS^J^ ( ° PP ° sfte to the 

refractive index difference between the adhesive tave Zd Z^L . f a " adh6SiVe ,ayer 12 in whi <* the 

0.2. particularly not larger than O.^mor SZlJ^^S^Sf^ Ce " SUbStrate is «* '"9- than 
it is preferable, from the point of view of efficiencv of 1,2* J t * occas,on ' as ^own in Figs. 1 to 3. 

optical path changing sheet is disposed so thS"he surtacetn wh ZT^T ?* M eXtema ' "' 9ht ' etc " that tne 
formed is located on the outer suSace (J the b2k sWe which feSnn^ T^ ° PtiCa ' P£ " h Chan9in9 means A ara 
may be 0 , a „ nt dWusion ^ ^T^T:^ ;^^^^^^ ^ ^ ^ 12 

for enabling viewingin a reflectionmo^eoftLqu^^^^ the reflacti ° n ^ fe P rovided 

ing light utilizing efficiency in a transmission mode bv The /eflection layer ,s also effective in improv- 

changing sheet to therebVmake the light indent on^he Spain chantna SL? ' "^S th6 path 
be.merely put on the outer surface of the optical path chanoS Si 1 1 1 9 ? a9a,n> 1116 ref,ec tk>" 'ayer may 
optical path changing sheet 11 by an adherinTme^ a t»n 9 w , 88 Sh ° Wn Rg> 3 ° r mav be bo "d«d to the 
2. When the reflection layer 81 I SS£ to the ^^S^ 0i ' ,,,n "f 0 * ° r ,he "' ke ' aS Showa in ^ 1 a "d 
ing sheet 11 as shown in Figs. 1 and fthe ^S^^^^^^^ WrtMX ^ , ^P^'^ 

Seb^cC™^^^^^ 

coating layer containing powder ofa hVh-re^Tance ^^ ^ etA ^^^ n ^ iS COnst,tuted b - : a 
binder resin, or alloy powder of such t£S ^071^ "' ^ C<>PPer ° r Chr0miUm in a 

multilayerfilm deposited by a suitable thin-fLfon^nqmeZd J^^ above-ment.oned metal or a dielectric 

-ho, or the „ke : a reflection sheet having K^^tS 
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made of a film, or the like; a sheet of metal foil; and so on. 

[0051 ] In the present invention, from the point of view of improvement of visibility both in a reflection mode and in a 
transmission mode, especially improvement of visibility in a reflection mode by improving frontal directivity of light, it 
is preferable that the light reflected by the reflection. layer is diffused and.made incident on the liquid-crystal cell. Such 
diffusion of the reflected light can be performed by a method as follows. That is, examples of the method include: a 
method of providing a light diffusion type adhesive layer for bonding the optical path changing sheet to the liquid-crystal 
display panel- a method of providing a light diffusion type optical path changing sheet or a light diffusion type reflection 
layer and a method using these methods in combination. Specifically, an optical path changing sheet having a reflection 
layer made of a high-reflectance metal thin film may be bonded onto the optical path changing slope-forming surface 
through a light diffusion type adhesive layer. Alternatively, a reflection layer made of a high- reflectance metal thin film 
may be provided on the optical-path-changing-slope-foirning surface in an optical path changing sheet or a light diffu- 
sion type optical path changing sheet having the optical path changing slope-forming surface roughened. Alternatively, 
a light diffusion type reflection layer 81 may be provided as shown in Fig. 1 . 

[0052] The light diffusion type reflection layer may be formed by a suitablemethod. Examples of the suitable method 
include: a method of providing a reflection layer on a film base material having a surface structure of fine prismatic 
structures by a suitable method using a surface roughening method using sandblasting, matting, or the like, or by a 
particle adding method so that the fine prismatic structure of the film base material is reflected in the reflection layer; 
and a method of providing a light diffusing layer containing air bubbles or particles on the optical-path-changing-sheet- 
side surface of the reflection layer; and so on. 
20 [0053] The reflection layer having such a fine prismatic structure in which the fine prismatic surface structure of the 
film base material is reflected may be formed by a suitable method of providing a metal on the surface of the film base 
material Examples of the suitable method include: a vapor deposition method such as a vacuum vapor deposition 
method, an ion-plating method or a sputtering method; a plating method; and so on. In this case, an optical path 
changing sheet as described above may be used also as the film base material. Fr6m the point of view of obtaining 
25 good visibility both in a reflection mode and in a transmission mode on the basis of suppression of scattering in a 
transmission mode, the average inclination angle of the reflection layer in the fine prismatic structure is selectedpref- 
erably to be not larger than 1 5 degrees, more preferably in a range of from 4 to 1 2 degrees, further preferably in a 
range of from 5 to 10 degrees.. Incidentally, in the case of a light diffusion type reflection layer with a fine prismatic 
structure, there is also an advantage in that . the occurrence of Newton rings due to adhesion can be prevented and 
30 visibility can be therefore improved. 

[0054] In the liquid-crystal display device according to the present invention, a great part of the light incident on the 
incident side surface is transmitted backward through reflection in accordance with the law of refraction through the 
upper and lower cell substrates on the basis of thickness proportion of respective layers in the liquid-crystal display 
panel. While the light emit (leakage) from the surface of the panel is prevented and while total reflection at the interface 
35 between the optical path changing sheet 11 having the adjusted refractive index and the adhesive layer 12 is sup- 
pressed, the optical path of the light incident on the optical path changing slopes A1 of the optical path changing sheet 
is efficiently changed to the viewing direction, that is, to the frontal direction. The other part of the light is transmitted 
backward by total reflection and made incident on the optical path changing slopes A1 in the rear surface. The optical 
path of the other part of the light is efficiently changed to the viewing direction. Hence, display excellent in uniformity 
40 of brightness on the whole surface of the panel display screen can be achieved in a transmission mode. Moreover, 
display excellent in uniformity of brightness on the whole surface of the panel display screen can be achieved in a 
reflection mode . similarly to the background-art reflection exclusive type liquid-crystal display device. Hence, a reflec- 
tion-transmission double type liquid-crystal display device which is bright, easy to view and excellent in display quality 
can be formed because the light from the illuminator and external light can be utilized efficiently. 
45 [0055] Incidentally, in the present invention, optical devices or parts such as an optical path changing sheet, a liquid- 
crystal cell, a polarizer, a phase retarder, etc. for forming the liquid-crystal display device may be wholly or partially 
integrally laminated/fixed onto one another or may be disposed separably. From the point of view of prevention of 
lowering of contrast by suppressing the interface reflection, etc., it is preferable that such optical devices or parts are 
fixed onto one another. A suitable transparent adhesive agent such as a tackiness agent can be used for the close 
so fixing process. The transparent adhesive layer may contain the transparent particles as described above so that the 
transparent adhesive layer can exhibit a diffusing function. The optical devices or parts, especially the visual side of 
the optical devices or parts may be formed to have ultraviolet-ray absorbing power by a method of treatment with an 
ultraviolet-ray absorbent such as a salicylic ester compound, a benzophenone compound, a benzotriazole compound, 
a cyanoacrylate compound, a nickel complex salt compound, etc. 



55 



Example 1 . 

[0056] An acrylic ultraviolet-curable resin (ARONIX UV-3701 made by TOAGOUSEI Co., Ltd.) was dropped by a 
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dropper so that a mold which was processed into a predetermined shape in advance was filled with the acrylic uilraviolPt 
u«tl in. T Sm ' A triacetyloelluloseCrAC) film (having a saponified surface) 80 u m thick was qu^Sn tTalt 
ultrav,olet-curable res.n and then bonded to the acrylic ultraviolet-curable resin by a rubber roller so that a sumlus S 

m | Jbb,6S "r r t m0Ved ' ThGn ' thG aCryU ° -'traviolet-curable resin was irrad £te Sh^£^2 
by a metal halide lamp so that the resin was hardened. Then, the resin was released from th« ZZm JIT ♦ ^ 

[0057] The optical path changing sheet was 40 mm wide and 30 mm deep. The optical path chanaino sheet Hah 
pnsm-hke concave portions which were disposed continuously at intervals of a pite urf 210 tuTand wnfch ^2 
r.dgel.nes ,nc med at an angle of 23 degrees with respect to the wldthwise direction (Rg 4C) TacTot iTo^l 
concave portions had an optical path changing slope A1 . and a flat surface A2 The Ino i„^L , . prism - ,,ke 
optical path changing slopes A1 varied in a range of ir^i^S^s^nc^T T*f °' °' the 

reflectormadeofasih,er-vapor-depositedref^tion sheet. Oppos^en^ 

and lower surfaces of the panel so that the cold-cathode tube was fixed Then a I obt 6 So Z S w *K 
film anda resin-fine-particle-containing adhesive layerprovided o7the TACfllm ton^ fi 9 ? " 9 8 TA ° 
- side (opposite to the visual side) of the liquid-crystal dteplafpan^ P ° °". *" baCk 



panel was 1 .465. 
Example 2 



35 [0059] A reflection-transmission double type liquid-crystal display device was obtained in t ho ^ 

in Example 1 except that the optical path changing sheet was re^actd bv an >Z£iZ h ? T"" 6 ' 33 that 
plurality of optical path changing means (Fig. 4B) each of whfeh had an ooLa^ oath^hL T 9 '" 9 , haV ' n9 3 
inclination angle of about 42 degrees a steeo stone aV„~w„,!T. ^ , P . P cnan 9' na slo P e A1 inclined at an 

area cam. op«ca pal, chains slop. A1 «,dihe steep on 0^ SSL, pl„ " projected 



Example 3 



[0060] A reflection-transmission double type liquid-crystal display device w« nht*in*H «, 

she.,. ,he tonpeudie., direei o, eech cp,^ pZc^ijt^ " " « M ^a™"* • >*« 



55 Example 4 



[0061] A reflection-transmission double type liquid-crystal display device was obtain*., in the, o 
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sheet had a plurality of optical path changing means (Fig. 4A) each having a length of 80 u.m, and each having an 
isosceles triangle with two optical path changing slopes A1 which were inclined at an inclination angle of about 42 
deqrees and each of which had a projected width of 1 0 u, m on the sheet plane, in the sheet, the longitudinal direction 
of each optical path changing means was parallel to the incidence side surface and the plurality of optical path changing 
means were disposed at random so that the optical path changing means were gradually dense as the optical path 
changing means went farther from the incidence side surface toward the center portion in the depthwise direction and 
so that cold-cathode tubes were disposed on two opposite side surfaces of the optical path changing sheet. Incidentally, 
the area of the flat portions A3 was not smaller than 10 times as large as the total projected area of the optical path 
changing slopes A1 on the sheet piane. 

Example 5 

[0062] A surface of a mold portion for forming flat portions A2 of an optical path changing sheet was roughened by 
sandblasting while the other portion was masked. A silver-vapor- deposited film was directly provided on the roughened 
surface portion to thereby form a reflection layer. Thus, an optical path changing sheet (Fig. 4E) was obtained. A 
reflection-transmission double type liquid-crystal display device was obtained in the same manner as that in Example 
1 except that the optical path changing sheet was used while the light diffusion type reflection sheet was omitted. 



Example 6 

[0063] A surface of a mold portion for forming flat portions A3 of an optical path changing sheet was roughened by 
sandblasting while the other portion was masked. A silver-vapor-deposited film was directly provided on the roughened 
surface portion to thereby form a reflection layer. Thus, an optical path changing sheet (Fig. 4D) was obtained. A 
reflection-transmission double type liquid-crystal display device was obtained in the same manner as that in Example 
2 except that the optical path changing sheet was used while the light diffusion type reflection sheet was omitted. 

Example 7 

[0064] A reflection-transmission double type liquid-crystal display device was obtained in the same manner as that 
in Example 2 except that styrene fine particles with a refractive index of 1 .59 were mixed with the adhesive layer to 
form a light diffusion type adhesive layer and except that the light diffusion type reflection sheet was replaced by a 
reflection layer prepared by directly providing a silver-vapor-deposited film on a surface of the optical path changing 
sheet on which the optical path changing means were formed. 



Comparative Example 1 

[0065] A reflection-transmission double type liquid-crystal display device was obtained in the same manner as that 
in Example 1 except that the optical path changing sheet was replaced by a scattering sheet subjected to sandblasting. 
Incidentally, the scattering sheet was disposed so that the roughened surface was positioned on the back side (opposite 
to the visual side). 



Comparative Example 2 

[0066] A reflection-transmission double type liquid-crystal display device was obtained in the same manner as that 
in Example 1 except that the optical path changing sheet was replaced by an optical path changing sheet having a 
plurality of optical path changing means (Fig. 4B) each of which had an optical path changing slope A1 inclined at an 
inclination angle of about 25 degrees, a steep slope A2 making a vertical angle of 70 degrees with respect to the optical 
path changing slope A1, and a flat portion A3 having an area of not smaller than 10 times as large as the total projected 
area of the optical path changing slope A1 and the steep slope A2 on the sheet plane. 



Comparative Example 3 

[0067] A reflection-transmission double type liquid-crystal display device was obtained in the same manner as that 
in Example 1 except that the optical path changing sheet was replaced by an optical path changing sheet having a 
plurality of optical path changing means (Fig. 4B) which were disposed at intervals of a pitch of 10 ujti, and each of 
which had an optical path changing slope A1 inclined at an inclination angle of about 42 degrees with a projected width 
of from 1 8 to 27 u/n on the sheet plane, a steep slope A2 making a vertical angle of 70 degrees with respect to the 
optical path changing slope A1 , and a flat portion A3 having an area of not larger than 5 times as large as the total 
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projected area of the optical path changing slope A1 and the steep surface A2 on the sheet plane. 
Comparative Example 4 

Comparative Example 5 

of a si.ver-vapor-deposited reflection sheet. OpS t?p2E!?J222E ^ 3re f,ector mada 
surfaces of the light pipe. The light pipe was disposed on a ! T b °" ded to upper and lowei ' 

deposited filmhaving a surface strucire TlffSElS Jn i ^ re,,eCt '° n Sheet made of a «"veM*por- 

typeTN liquid-crystal display pane^w ich i! S ZZSS^ZS? T ref,ect, °"- t — -'on double 
alight diffusing P ,ate.Thu,areflection-_^^ 

Evaluation Test 

meter (BM-7 made by TOPCON Corp ) while the cold iSZZ I , meaSUred " a tran sm.ss IO n mode by a luminance 
crystalceHwassupplied with nevoid 

where illumination was made by a ring-like illuminatoV T^hT e ^ SalS ° meas ured ,n a reflection mode in the case 
while the cold-cathode tube y^^lJ^o^^^^Ti 5 * - * a " ang,e 0f 30 de 9 ree * 

were shown in the following Table condMon 88 described Results of the measurement 



[0071] 





Frontal Luminance (cd/m 2 ) 


Reflection Mode 


Transmission Mode 


Example 1 


409 


22 


Example 2 


432 


23 


Example 3 


462 


21 


Example 4 


382 


38 


Example 5 


467 


25 


Example 6 


512 


24 


Example 7 


457 


26 


Comparative Example 1 


448 


4 


Comparative Example 2 


422 


9 


Comparative Example 3 


330 


29 


Comparative Example 4 


531 


3 


Comparative Example 5 


381 


33 



ItoZcompare^ithCompa^^ 
by the exit light in a transmission mode which exited , a iSHZ ^ifST r ^ EXamP ' eS 1 1 2 a " d 4 are caused 
to display because of poor frontal luminance PaZlr\T}^2Z?Zl e T S0UrCe S ° 88 to hard, y tribute 
directions. In Comparative Examp.e 3. n g m n t^TllZl^ Q 7^!^ P T 1 ^ 4 ' **" " 9ht ran short in a » 
°" the who.e display screen waslnfe^ 

4. improvement of luminance by use of the two light source^ ^SSiSlT ' °" ° ,her h3nd ' in Exam P |e 
obtained in Exampie 4 in comparison with the ^ST^ItaJS^Tri" aPParent J hat more was 
.hesystemusingtheside-Hghting type light pipe in -mpa^^ 
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T Z modeT ^Compar^TExample 5 display was seen as if it was in the deep and was not easy to view because 
reflecfon "^^^^S^ surtaC e though the light pipe. On the other handy the case where the light 

^T^rXeT^^'^. P—n, Sendee .as deed edewn eed «M •* - « 
Z!Z«t« from tde seep, of the Ittveetlen es set tedd In tee eppeeded tM 



Claims 

1 . A reflection-transmission double type liquid-crystal display device comprising: 

a tranesmission tvDe liquid-crystal display panel including a liquid-crystal cell; 
atle^ 

than oTsC reactive index of a nearest liquid-crystal cel. substrate, and which is bonded onto a back 
lid^oDDO^ 

"a reactive index difference of not higherthan 0.20 from the refractive index of said nearest 

liquid-crystal cell substrate; and ... 
a reflectionlaver disposed on a back side of said optical path changing sheet, 

whe £ ^ said optica? path changing sheet has optica, path changing slopes and f lat surfaces, ^ch «f sa.d 
™Zl oath chanqinq slopes facing said illuminator at an inclination angle in a range of from 30 to 48 degrees 
resort to a Se of said optica, path changing sheet and being provided for reflecting incident light from 
Sd Nun^a or toward said visl side of said ..quid-crystal disp.ay pane., each of said fiat surfaces being 
fncSnedTanTnclination angle of not ,arger than 10 degrees with respect to said sheet plane so that a projected 
m*lf£*li*surtaces oS said sheet plane is not smaller than 1 0 times as large as a projected area of said 
optical path changing slopes on said sheet plane. 

a r~* i~t,«n trar^mission double type liquid-crystal display device according to claim 1 , wherein said liquid-crystal 
2 - disposed on one or each of side surfaces of said iiquid-crysta, ce... 

3 A reflection-transmission double type liquid-crystal display device according to claim 2, wherein said liquid^rystal 
JiXpaneHurther inciudes attest one phase retarder disposed between said iiquid-crystal cell and sa.d po- 

larizer. 

4 A reflection-transmission double type liquid-crystal display device according to claim 1 , wherein each of cell sub- 
strates for said liquid-crystal cell is made of an optically isotropic material. 

5 A reflection-transmission double type liquid-crystal display device according to claim 1 , wherein said optical path 
c^Sq sheet is provided as an optica, path changing sheet including optical path changing slopes forming ridge- 
STEne a an ang.e of not larger than 30 degrees with respect to said side surface on which sa.d illuminator 
rdtspoted; and said optica, path changing sheet is disposed so that said optica.-path-changing-s.ope-form.ng 
surface of said optical path changing sheet is located on said back side (opposite to the visual s.de). 

6 A reflection-transmission double type liquid-crystal display device according to claim 1 , wherein a refractive index 
tKewllteZen said adhesive layer and said nearest liquid-crystal cel. substrate and between sa.d opt.cal path 
changing sheet and said nearest liquid-crystal cell substrate is not larger than 0.10. 

A reflection-transmission double type liquid-crystal display device according to claim 1 , wherein said optical path 
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8. A reflection-transmission double type liquid-crystal dtenlm/ Hmw^ a ^^-. ♦ • ■ -» 

atl° 9 :^* ld ~^^ 

shoe. .. .he n.he, end .hereo. In a M^^S^SJT^i^"* i" """ P * < * a " Si " 9 

display panel on which ». um i„.,oH s aisp^d ° ° SS ' d ' U " a ~ 0f »'' , ' la<! '* s ' al 

10. A reflection-transmission double type liquid-crvstal disoiav Hovi^ o„ ♦ , , ^ 

concave portions are constituted *dtol^^i« ?. £ ^ 

as large as a depth of said groove and in which a fonn^din!. 5. , ! e " 9th °' not smal| er than 5 times 

said side surface of said ^J^^T^^^^^^ — - 

1 1 . A reflection-transmission double type liquid-crvstal disnlax/ How.^ o i- * , . 

said refiection iayer is diffusedsot tola m^^o^S^ST ' ^ * 

liquid-crysta. disp.ay pane. exhibits' ffSl!!552S2^ ^ * b ° nd, ' n9 ^ ref,eCt '° n ,ayer to Said 

on said rough surface of f Z Tr^a^^urT^r^T^T^ * V*™***™* thin film disposed 
chang.ng-sSeet-s.de surface c^hi^ **" * diS ^ °" « 1—H-h- 

14. A reflection-transmission double type liquid-crystal display device according to claim 12, 

wherein a reflection layer of a high-reflectance metal thin film is provided onto an ootical Da th ^ ■ 
formingsurfaceofanopticalpath chanqina sheet the ontioai na th^.h . °P t,oa, -P atn - c hanging-slope- 

light diffusion type adhesive layer. P P3th chan 9 ,n 9 sheet **ig bonded through a 
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FIG.1 
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